Abstract Reverse gyrase is a hyperthermophile specific protein which introduces positive supercoils into DNA molecules. Reverse gyrase consists of an N-terminal helicase-like domain and a C-terminal topoisomerase domain. The helicase-like domain shares the three-dimensional structure with two tandem RecA-folds (H1 and H2), in which the subdomain H2 is interrupted by the latch domain (H3). To understand the physical property of the hyperthermophile-specific protein, two subdomains af_H1 and af_H23 have been cloned into E. coli expression vector, pET28a. The 15 N-labeled af_H1 and af_H23 proteins were expressed and purified for heteronuclear NMR study. The af_H1 protein exhibits the well-dispersion of amide signals in its 1 H/ 15 N-HSQC spectra and thus further NMR study continues to be progressed.
Introduction
Reverse gyrase is a catalytic enzyme which introduces positive supercoils into DNA molecules. [1] [2] [3] [4] Reverse gyrase is the only enzyme that can be found in all hyperthermophilic organisms and it is thought to be responsible for the stabilization of DNA under extreme heat condition. [1] [2] Reverse gyrase consists of an N-terminal helicase-like domain and a C-terminal topoisomerase I domain. [2] [3] The helicase-like domain includes an ATP binding site and shares the three-dimensional structure superfamily 2 (SF2) helicases, two tandem RecA-folds (H1 and H2) connected by linker (Fig.  1A) . 3, 5 The second RecA-fold H2 is interrupted by the so-call latch domain (H3) that shows homology to the transcription termination factor rho (Fig. 1A) . 5 The crystal structure of the reverse gyrase from A. fulgidus suggested the mechanism for positive supercoiling that is based on the conformational change of the helicase-like domain as the initiation step. 6 This conformational change leads to a closure of the two RecA subdomains (H1 and H2) and then allows for release of the latch domain (H3). 6 It has been reported that such a conformational change occurs in SF2 helicases through the cooperative binding of ATP and nucleic acid substrates. 7 Reverse gyrase recognizes destabilized regions of DNA double helix, which depend on temperature and DNA sequence. Interestingly, the reverse gyrase has very different temperature dependencies of stability and activity compared to its structural homologs. The optimal working temperature of reverse gyrase is 80 -100 o C and it is able to efficiently produce highly positive supercoiled DNA at this temperature. 8 Although the structural studies explain well the mechanism for the biological function of reverse gyrase, the molecular basis of the extremely high working temperature of this hyperthermophilic protein is not well understood. Heteronuclear NMR spectroscopy is a suitable experimental tool to investigate the thermostability and structural flexibility of hyperthermophilic proteins as a function of temperature. In this study, we prepared the 15 N-labeled samples of the two subdomains H1 and H23 of reverse gyrase from A. fulgidus and confirmed the availabilities of these two proteins for heteronuclear NMR study by the 1 H/ 15 N-HSQC spectra.
Experimental Results
The regions encoding the H1 (D40 -Q238, af_H1) and H23 subdomains (V254 -Q499, af_H23) of reverse gyrase from A. fulgidus (see Fig. 1B ) were purchased from Bioneer Co. (Seoul, Korea). The DNA encoding the af_H1 and af_H23 subdomains were cloned into pET28a using NheI/XhoI and NdeI/XhoI restriction sites, respectively ( Fig. 1C and  1D ) and DNA constructs were checked by DNA sequencing. The af_H1 and af_H23 expression plasmids were transformed into Escherichia coli BL21(DE3) strain. Expression and purification steps are summarized in Fig. 2A ). Cells were resuspended in 10 volumes of buffer L (50 mM Tris-HCl, pH 8.0, 0.5 M NaCl, 10 mM imidazole, 1 mM PMSF), lysed by sonication, and centrifuged at 11,000 rpm for 60 min at 4 o C. The supernatant was applied to a Ni-NTA column (GE Healthcare co, Sweden) equilibrated with buffer L. The column was washed with a 20 mL of buffer W (50 mM Tris-HCl, pH 8.0, 0.5 M NaCl, 10 mM imidazole). Elution was performed by applying a buffer E (50 mM Tris-HCl, pH 8.0, 0.5 M NaCl, 1 M imidazole). The protein samples were eluted in first 3 mL of eluent fractions which was checked by 18 % SDS-PAGE (Fig. 2B) . The sample fractions were concentrated in Amicon concentrator (Centricon 3K) and then loaded onto a gel filtration column (Sephacryl S-100, GE Healthcare, Sweden) on a GE AKTA FPLC to eliminate traces of remaining contaminants. Protein concentration was determined photochemically using the extinction coefficient at N-labeled af_H1 and af_H23 subdomains of A. fulgidus reverse gyrase were concentrated to 0.5 mM in a 90 % H 2 O/10 % D 2 O buffer containing 10 mM sodium phosphate (pH 8.0) and 100 mM NaCl. All NMR experiments were carried out on a Agilent DD2 700 MHz spectrophotometer (GNU, Jinju) equipped with x,y,z-axis pulsed-field gradient cold probe. NMR data were processed with the program NMRPIPE 9 and analyzed with the program Sparky. (Fig. 3B) , indicating its oligomeric conformation. In order to perform heteronuclear NMR study on the af_H23 subdomain, we must find the optimal buffer condition in which the af_H23 protein exhibits the monomeric (or dimeric) conformation like af_H1 subdomain.
In summary, we prepared the plasmids expressing the af_H1 and af_H23 helicase-like subdomains of A. fulgidus reverse gyrase. The expressed 15 N-labeled af_H1 and af_H23 proteins were purified by Ni-NTA column and gel filtration chromatography. The af_H1 protein exhibits the well-dispersion of amide signals in its 1 H/ 15 N-HSQC spectra. However, the recombinant af_H23 subdomain exhibited oligomeric conformation under our experimental condition. Now further NMR study with 13 C, 15 N-labeled af_H1 protein continues to be progressed.
